This research explores the benefits of a proposal for urban road infrastructure which aims to improve road connection between northwest and western neighborhoods of the city of Manizales, Colombia, as well as to expand the ring of urban mobility that runs through the city. By calculating the global average accessibility and comparing the current and future situation, by averages of savings gradient, timesaving generated by this alternative are obtained in terms of average travel time. There is evidenced that suggest the road infrastructure proposal would generate savings in the average travel times for the entire city, especially to the neighborhoods located in the area of direct influence.
Introduction
The city of Manizales (Figure 1) , capital of the department of Caldas, is located in the center of the west of Colombia, in the South American continent where it forms Colombia's Golden Triangle. Located on the central mountain range, it is at 2,150 m.a.s.l. and covers 572 km The Mayoralty of Manizales has promoted road infrastructure projects through the Valorization Institute of Manizales (INVAMA, for its acronym in Spanish) and the National Institute of Roads (INVIAS, for its acronym in Spanish) in recent years. These aim to improve mobility conditions in the city, reducing traffic and improving travel times, both urban and municipal. These projects follow the national government's efforts seeking to consolidate transport infrastructure and to benefit economic growth and the quality of life of its inhabitants (INVAMA, 2017) . Some of the road infrastructure projects promoted by these entities are 'The students' promenade', 'La Carola', 'La Fuente' and 'San Marcel' road intersections, among others INVIAS, 2017) . Many of these have been financed jointly by national, departmental and local budget, as well as betterment levies promoted by INVAMA. This entity has the responsibility of developing new road infrastructure projects seeking to improve access to the neighborhoods of 'La Francia' and 'Los Alcázares', located in the western part of the city, which, given the topography, has challenging improvement conditions. .
Territorial accessibility analyses have been used in the last decades as planning instruments to respond to problems derived from the provision of transport systems and territorial management. Records on the matter date back to the 1920s, when it began to be used in North America for studies on transport planning associated with road networks and travel distribution patterns (Mitchell & Rapkin, 1954; Batty, 2009 ). However, it was not until the mid-20th century that Hansen (1959) provided its most classical definition: "the potential for interaction opportunities". Later, Dalvi (1978) defined it considering transport and land use: "accessibility indicates the ease with which certain land can be accessed from a specific location using a transport system" (Dalvi, 1978; Monzón de Cáceres, 1988) . In the mid-70s, Weibull defined the different mathematical axioms for accessibility calculation including network distribution and measurement opportunities (Weibull, 1976) . Accessibility measures have different perspectives, methods and ways to enlarge their analysis due to territorial diversity. Therefore, these studies can be divided by gender, age groups, modes of transport, socio-economic characteristics, etc. (Pirie, 1979; Handy & Niemeier, 1997) .
Accessibility measures are generally analyzed from any of three main approaches: (a) relative accessibility, (b) integral accessibility, and (c) global accessibility. Relative accessibility refers to the measurement between two particular points in the network (Ingram, 1971) . Integral accessibility is the measure of access certain point or area has in the network in regards to others in the city (Ingram, 1971) . This type of accessibility has been widely studied and different methods have been proposed, such as: measures based on gravity (Hansen, 1959; Carrothers, 2008; Olsson, 2016) , based on time or distance (Geurs & Ritsema van Eck, 2001) , and based on accumulated opportunities (Fraser et al., 2017) . Finally, global accessibility was described by Geurs & Ritsema van Eck (2001) as infrastructure-based accessibility. It analyzes road infrastructure performance or service, measuring traffic or average speed in the network, obtained as the average of average travel times of all the nodes in a transport infrastructure network (Escobar & García, 2012) . Researchers have used these different approaches to accessibility in order to study it in relation to: sustainable development of transport (Vega, 2011) , transportation planning (Talpur, Napiah, Chandio, & Khahro, 2012) , urban public transport (Curtis & Scheurer, 2015) , development of new transport infrastructures (Karou & Hull, 2014; Escobar & García, 2011; Escobar & García, 2012) , social equity (Grengs, 2014; Guzmán, Oviedo & Rivera, 2017) , road redirection (Escobar, Duque & Salas, 2015) , temporary analysis of the change in territorial accessibility (Hudeček, 2011) , comparison with urban growth (Shoorcheh, Varesi, Mohammadi, & Litman, 2016) , among others. This research analyzes accessibility based on infrastructure, considering the impact that an alternative road infrastructure generates on the city in terms of average travel times. This alternative seeks to improve access to the neighborhoods 'La Francia' and 'Los Alcázares' located to the west of the city. It will benefit the entire population by connecting the northern and western sectors, completing the ring road mobility of the city. By calculating savings gradient, an a priori -a posteriori comparative analysis of global average accessibility was carried out in the city's road network. The research methodology, main results, and conclusions are then discussed.
After the introduction, the research methodology is exposed and the main obtained results will be mentioned. Lastly, the conclusions gotten as the result of the research work will be shown.
Method
The research methodology (Figure 2 ) consisted of four consecutive stages and a preliminary data entry, described below:
Input Data
As input data, the following are configured: i) georeferenced transport infrastructure network loaded with operational data; and ii) neighborhood division data layer loaded with official sociodemographic data. Based on a previous study conducted by Escobar & García (2012) called 'Diagnóstico de la movilidad Urbana de Manizales', it was possible to obtain the georeferenced road network with data such as average slope and average speed in the arcs. Likewise, it was possible to obtain the neighborhood division layer of the city, which, in addition to the sociodemographic data, was supplemented with the socio-economic stratum data, which is a measure of the social and economic conditions of each neighborhood (Perilla, Escobar & Cardona, 2018) . 
Verification of the Road Network in the Current and Future Situation
This stage corresponds to the verification of the transport infrastructure network in the current situation ( Figure 3 ). Based on the infrastructures network of the entrance transport, it is updated, including road infrastructure works and the changes made in directionality until 2017. Figure 3 shows the neighborhoods that will directly benefit from the construction of the proposed infrastructural alternative. The western sector (zian color in Figure 3) , has a population of 5,531 inhabitants distributed in the neighborhoods 'La Francia' (16%), 'Los Alcázares' (61%), 'Morrogacho' (23%) and the areas that are located at the exit towards the city of Medellín (second most important city in Colombia after its capital, Bogotá). The northern sector registers almost twice the population of the western sector, reaching 10,690 inhabitants, distributed in the neighborhoods 'Villa Pilar' (57%), 'Sacatín' (6%), 'La Linda' (35%), 'Bella Montaña' (2%) and areas that are in the exit towards 'La Cabaña', rural zone of the municipality of Manizales.
The mobility support ring is shown in the current situation. It aims to generate a connection around it through road corridors that have an operating speed higher than the average recorded in the rest of network arcs. The Avenues Panamericana (south/blue line), Alberto Mendoza (east/yellow line), Kevin Angel (north/red line), Gilberto Álzate (center/line fuchsia), and Centenario (west/purple line) make up the mobility support ring. The Panamerican Avenue is categorized as a 'national highway' and has a suburban functionality. It is a variant for load vehicles that go to center or southern regions of the country. Its geometric characteristics allow vehicles to reach high speeds. Alberto Mendoza Avenue connects areas of high socioeconomic strata to the east with the center and west of the city. Kevin Ángel Avenue supports the automotive flows that come from sectors of medium and low strata located on the north and go to the east, center or west of the city. Gilberto Álzate Avenue crosses the center of the city in an east-west direction and vice versa with a multiplicity of land uses. Centenario Avenue runs through the west of the city, closing the main mobility support ring of the city. Figure 4 shows the future situation of the transport infrastructure network. It includes the alternative proposed as a northwestern solution, seeking to improve the connection among neighborhoods in the northern and western region of the city, as well as connecting them with the mobility support ring previously exposed. The proposed alternative seeks to widen the mobility ring by averages of the following works:
-Construction of the intersection in the access to 'Santa Sofía' to allow continuity in vehicular flow from the Centenario Av. and diminishing conflict among vehicles.
-Improvement of geometrical conditions of the road connecting 'La Francia' and 'Santa Sofía' neighborhoods.
-Construction of a 1.6 km road alongside a 270 m tunnel connecting 'La Francia' and 'Villa Pilar' (blue line).
These interventions connect the north with current Marcelino Palacio Av., which has been constructed recently (INVAMA, 2013) . Besides the proposed interventions, and the Marcelino Palacio and Gilberto Álzate Avenues, a new mobility ring would be created in the north of the city, in connection with the first mobility support ring in the city. Once the current and future transport infrastructure networks were validated, link longitude and travel times between nodes were calculated using geographic information systems (GIS).
Global Average Accessibility Calculation for the Current and Future Situation
From travel times between each pair of nodes (tv) in minutes, the average travel times between nodes i and j of the transport infrastructure network are calculated, generating a matrix. The tv between different start nodes i and arrival nodes j are calculated by the Dijkstra algorithm, better known as the minimum path algorithm, which determines the shortest path between a node of origin O and destination node D, as long as there is connection, minimizing a certain variable. In the case of transport networks and for accessibility calculations, the variable corresponding to the tv on the arcs is minimized (Dijkstra, 1959; Sallán et al., 2002) . This algorithm is immersed in the "Multiple paths" tool of the TRANSCAD program, which was used to calculate the travel time matrix. After having the travel time matrix, calculate the average travel time vector ( ) of initial nodes (i), which is quantified by equation (1), where (tvij) averages the travel time it takes for node i to reach node j and where n is the number of nodes.
Once the vector of average travel time between nodes in the transport infrastructure network were obtained, a geostatistical calculation was carried out, obtaining isochrones curves of global average accessibility for the current and future situation. The ordinary Kriging model, which is a spatial interpolation method through the linear combination of random variables, was used (see (2)). As a correlation function, the linear semi-variogram (see (3)), Vol. 12, No. 6; which uses the shortest distance criterion achieving better predictions for short distances between nodes, was chosen (Giraldo, 2002; Wackernagel, 2003) . This method has previously been used by researchers for issues such as demand prediction of public transport systems (Prasetiyowati, Imrona, Ummah, & Sibaroni, 2016 
λi represents original value weights and is calculated as a function of the distance between nodes and places where the prediction is intended represents the value of travel time to be predicted and represents average travel times known from the time vector ( ) represents the linear semivariogram, while ( ) refers to the predicted value, and ( ) )) indicates a sample value separated by a distance d, and n is the number of couples separated by said distance (Perilla et al., 2018) .
Gradient Saving Calculation between the Current and Future Situation
After obtaining isochrones curves of global average accessibility for the current and future situations, the savings gradient in average travel times between both scenarios was calculated. A percentage for these numbers in both scenarios was obtained. Percentage saving gradient (%SG) (see (4)) relates the global average accessibility results of the current (GMAc) and future (GMAf) situation (Perilla et al., 2018) .
Coverage Analysis for the Current and Future Situations, and Percentage Gradient of Average Travel Time
Lastly, isochrones curves of global average accessibility and sociodemographic information layer, population, socioeconomic stratum, number of dwellings, area, etc. were related, in order to obtain coverage percentages of said variables, as isochrones curves value increase. The percentage ojivas of spatial coverage were then calculated. This procedure was carried out for the current and future situations, and for percentage gradient of average travel time saving, which allowed coverage comparisons and defined the impact generated given the insertion of said transport infrastructures in the city of Manizales. Figure 5 shows isochrones curves of global average accessibility for the current situation, finding that along the mobility support ring that crosses the city from west to east in the north is the lower curve average travel time: up to 25 minutes representing the best global average accessibility of the city. The southern sector of the mobility support ring is covered by 30 and 35-minute curves. The curves expand more in a west-east direction than in a north-south direction, which clearly demonstrates the connection deficiencies in that sense and is related to the fact that the city's greatest infrastructural development has been generated in the longitudinal direction (west-east) given its topography. In the eastern part of the city there are areas that reach up to 55 minutes of average travel time, although they do not represent the highest average travel time recorded, which is identified in the northwestern part of the city, averaging up to 70 minutes in travel time. The sector where the new transport infrastructure is proposed can be covered in average travel times of more than 40 minutes, up to 65 minutes in the area located to the west. Therefore, the sector of study is precisely the one that registers the worst accessibility conditions in the current situation.
Results and Discussion
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Modern Applied Science Vol. 12, No. 6; Figure 5. Isochrones curves for the current situation Figure 6 shows the result of the isochrones curves of global average accessibility for future situation of the road network, including the proposed alternatives described in section 2.2. In the isochrones curve, less than 25 minutes is 14% of the total area of the city (5,868 hectares), 1% more than the current situation. 31% of the city area is represented in the 30-minute isochrones curve, with the largest area covered. Northern and western zones of the city benefit directly from the alternative road as the average travel times decreases. For instance, the isochrones curve for the exit towards the northwest, is now of 70 minutes, while it is estimated in 65 minutes in the future scenario, decreasing 5 minutes in average travel times. The Southwest exit also obtained a benefit in reducing its average travel time with isochronous curves shifting from 65 minutes to 55 minutes.
The Figure 7 shows the relationship between isochrones curves of global average accessibility of the current and future situation and the corresponding percentages of the population covered. For the current situation, 75% of the population is covered with an average travel time of less than 30 minutes. Only 10% of the population perceives average travel times of 40 minutes. On the other hand, the future scenario decreases average travel times, achieving 78% coverage of the population for average travel times of less than 30 minutes. Figure 8 shows the relationship between percentage coverage of population and isochrones accessibility curves for the current situation according to socioeconomic strata. It was found that in the current situation, the population of stratum 5 had the best accessibility conditions given the operational characteristics of the transport infrastructure network, while the strata with the worst accessibility conditions are precisely those with the lowest economic capacity: 1 and 2. For example, to cover 50% of the population according to the stratum: in the case of stratum 5 (14,052 inhabitants), approximately 23 minutes of average travel time should be invested; while for stratum 1 (32,360 inhabitants) and 2 (104,935 inhabitants) 26 and 28 minutes must be invested respectively. The entire stratum 5 population is covered with average travel times of up to 30 minutes, while for the other strata said average travel time increases to values between 40 and 55 minutes. . Relation between percentage of covered population and isochrones curves for the current and future situation Figure 9 shows the relationship between population percentage covered and isochronous accessibility curves for the future situation according to socioeconomic strata. There is an improvement in the conditions of global average accessibility as a result of the proposed infrastructural alternative. Stratum 1 has 3% more population covered by the isochrone up to 35 minutes; stratum 2's entire population is covered in the isochronous curve of up to 50 minutes showing a 5-minute improvement, as stratum 3 has shown. Stratum 3 also had its entire population in the isochronous curve from 50 minutes to 45 minutes where there was an improvement of 2% in the percentage of population coverage for the isochronous curve of up to 30 minutes. Figure 8 . Relation between percentage of covered population, isochrones curves and socio economic strata for the current situation Figure 9 . Relation between percentage of covered population, isochrones curves and socio economic strata for future situation Stratum 4 showed improvement of 5 minutes for the entire population, going from an isochrone curve of 40 minutes in the current situation to 35 minutes in the future situation. Furthermore, there was an increase of 4% in the covered population for the isochronous curve of 30 minutes. For stratum 6, the future situation gets 1% more population coverage for the average travel time of up to 30 minutes. Finally, stratum 5 also improves its conditions of global average accessibility since 5% more of the population is located in the isochronous curve of up to 25 minutes. This last one has the largest population in this isochronous curve. Figure 10 shows the percentage savings obtained by comparing the current and future situations. A large part of the city is benefited, where 23% of the total city area registered savings of up to 5% in the average travel time, while 12% of the area receives savings of up to 10%, mainly concentrated in the southwest sector. Analyzing the population, it was found that 8%, concentrated in the north-western sector, reaches up to 15% savings in average travel times. The greatest time savings are reached in the 'Bella Montaña' neighborhood and the surroundings of the connection between 'Villa Pilar' and Avenida Colón, where 3% of the area reaches up to 17.5% savings in average travel time, with a maximum savings of up to 25%. Figure 11 shows the relationship between population and area coverage and the gradient of savings generated, where 2% of the population (8,500 inhabitants) perceives savings in average travel times of up to 10 % regarding the current situation. Likewise, 1% of the population reaches up to 15% of savings, which continues to increase, reaching 25% in areas of difficult access in the city and with few population records. Figure 10 . Saving Gradient (%) between isochrones curves for the current and future situation Figure 11 . Relation between % of covered population and area and gradient saving (%) Figure 12 shows the relationship between population percentage covered and the percentage savings gradient obtained given the proposed infrastructure, according to the socioeconomic strata. The whole population, indistinct to its stratum, saves up to 2.5% in average travel time. Even so, the stratum 4 is the one that perceives the highest mas.ccsenet.org
Saving Gradient (%) between the Current and Future Situation
Modern Applied Science Vol. 12, No. 6; percentage of savings, for 11% of its population reaches up to 5% of savings in average time of travel, a range of savings that grows to reach 20% for 3% of the population, which represents a benefit for approximately 200 families in the city. For this same savings interval, strata 1 and 2 reach 5% of the covered population. On the other hand, stratum 2 receives a saving of up to 12.5% for 4% of its population, representing approximately 3000 inhabitants.
Finally, Figure 13 compares population percentage covered and savings derived from transport infrastructure proposed for the neighborhoods directly benefited located in the northwest and west of the city. Considering the northwestern districts, 'Bella Montaña' neighborhood was found to save up to 15% on the average travel time for 100% of its inhabitants; 65% of its inhabitants decreased their travel times in up to 17.5%. The entire 'La Linda' population saved up to 12.5%. In the neighborhoods of 'Villa Pilar' and 'Sacatin', savings reached up to 2.5% to 100% of its inhabitants, yet 33% of the population in 'Villa Pilar', 22% in 'Sacatin', and 80% in 'La Linda' saved up to 15% saving on average travel times. In the western sector, all inhabitants refered savings in average travel times of up to 2.5%; in particular, 75% of the population of 'La Francia' saved up to 5%, while in 'Los Alcázares' the percentage reached 15%. Finally, the 'Morrogacho' district is the Western Sector most benefited, since 97% of the population perceived savings of up to 5%.
Conclussions
The proposed road infrastructure alternative to improve connection among neighborhoods in the northwestern and western areas of the city of Manizales, generates verifiable benefits in terms of average travel times, since the entire city's population would reduce their average travel times in 2.5%. This saving percentage can reach up to 10% to 2% of the population, benefiting about 8,200 inhabitants (approximately 200 families).
The districts of the northwest sector, 'La Linda' and 'Bella Montaña' neighborhoods saved up to 12.5% in average travel times, directly benefiting approximately 4000 inhabitants. In 'Villa Pilar' and 'Sacatín', savings reach 10% to 41% and 42% of the populations each. Districts of the western sector benefited with road works of the intersection access to the Southwest, adjacent to the of 'Santa Sofía Hospital'. In addition, in 'La Francia', 75% of the population saved up to 5% on average travel times. Verifying mobility benefits perceived by the population, the establishment of betterment levies for financing may be established.
The savings gradient calculated by measuring global media accessibility for two different transport network scenarios is an effective tool to assess benefits in terms of savings in average travel times when planning infrastructure projects that generate solutions for access and connection issues among sectors through the construction and improvement of infrastructure.
The current research method could be improved by utilizing population projections, analyzing the future coverage scenarios as the new infrastructure is being used. Moreover, this tool could be complemented with a valorizing fee as well as an increasing of capital gain taxes in the influenced area, finding a financing alternative for this purpose.
